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LIPOPHILIC MICROPARTICLES CONTAINING A PROTEIN DRUG OR 

ANTIGEN AND FORMULATION COMPRISING SAME 

FIELD OF THE INVENTION 

■ 5 

The present invention relates to microparticles coated 
with a lipophilic substance, which comprise a protein drug 
or an antigen, and a sustained-release formulation thereof 
..for. an. effective- dji...vivo delivery of the drug or antigen. 
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■BACKGROUND . OF - THE INVENTION 



,. It • is ; well .known that protein' drugs or ■antigens suffer 
- . -? ro ^ the, . problem s of ; denaturation' 1 caused by heat , organic 
15... spl-vents ; jand/qr : 'UnfavorablS ->pH.(Weiqa f -Lu ; et : : f al . , : PDA J . 
, . Pharm^ , Sci- Tech- . ^9,;^ 13^19/ <(1995'D i • ' "TKey'^re usually 
\:>$$^P ± -$te*P& injection^;/ however ; - becaiiSe * their in vivo 
activities last only for a short ipSOJ&H^iS't ^-'time after 
■,yy - ■: .adrrti nis.t^a t i on:>-i , jfchey. .-have^.t o.,-be %dm±r*is t "e r ecl T repe at edly when 
20 ^7^Q n 9r£^ '-treat a 

i. : • - : pit^ta^ v- def ioijent ^ child ' s-^^VdwarfismV: ! "titiman growth 
. : . s hormone -(hqH):. -mus.t' be; injected* daily or every \d the r day for 
: ...a., period, .of. 6 ^months -.or., more r .. Therefore •/■;>: gKSre has been 
/, many,,, .efforts . to • idevelop - e f f ee t i-vei ■ 'htist a-ihed - r e le ase 
25 fp.^up.^.tion.s- .©f/ : prot.ein . .-.drugs* ;6r antigens, ;y '' 

. : ( r /For r \ example, , extensive studies hav^ been made to 
..develop a • vsustained-release; microparticle formulation 
, . .prepared ; by coating a 'protein drug or an antigen with a 
synthetic biodegradable polymer, . e . g . : polylactide , 
30 polyglycolide, poly (lactideTrco-glycoiide) , poly-ortho-ester 
or ; pplyanhydt254d.e/ which continuously releases the drug or 
the antigen as . the. polymer degrades in- the body(M. Chasin 
and R. Langer, ed. , - Biodegradable Polymers as Drug Delivery 
Systems; Marcel Dekker (1990); and Heller, J.y Adv . Drug 

35 Del- Rev. / 10, 163 (1993)). Although this type of 

formulation has several advantages, it suffers from the 
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serious problem that the drug or antigen undergoes 
denaturation upon its contact with an organic solvent during 
the preparation process thereof (Park, T. G. et al . , J. 
Control . Rel . , 33., 211-223 (1995) ) . The use of an organic 
5 solvent is unavoidable because a biodegradable polymer 
dissolves only in an organic solvent, e.g., methylene 
chloride, ethyl acetate, acetonitrile, chloroform or 
acetone . 

In order to avoid such undesirable contact of a drug or 
antigen with an organic solvent, Lee et al . have prepared a 
microparticle by coating . an antigen with • a : 'water- soluble 
polymer to obtain a primary particle; dispersing the primary 
particle, in an. organic • solvent containing a biodegradable 
polymer; and drying, the resulting dispersion - to obtain a 
15 final microparticle (Dee, H.-K: et al i .■• J . Control. R^l . 44, 
283-294 (1997);. and • US Pa tent No . 5', 7 5 3'; 234) ■ : "' ^However , the 
. proces.s,, of. preparing such microparticle is complicated and 
.uneconomical. .- ■■■■■> ' . i •• 

, . v There - have- .also .been attempts'' feb-aevelb^'a sustained 
; - re .iff ' a ;S e --< formulation; containing r^a natural 1 polymer, ' •' e.g., 
:9,e.l,atin„. collagen; .. chitosari,; . .. ; carboxyme€hyl cellulose, 
. f. alginate or hyaluronic acid. • The-' natural polymer easily 
a^prbs. : water;.to form a gel having a "high viscosity which 
.releases a drug, or antigen ;s lowly . For example, US Patent 
25 No. 5,416> 017, discloses* a sustained- release- injection 
formulation -of. erythropoietin containing a 0.01 to 3 % 
hyaluronic : acid gel; Japanese Patent Laid-open No. 1- 
287041(1989), a sustained- release inj ection^ "formulation of 
insulin containing a 1 % hyaluronic acid gel; Japanese 
30 Patent Laid-open No. 2-213 (1990), a sustained-release 
formulation of calcitonin or human growth hormone containing 
a 5% hyaluronic acid gel,- and, Meyer, J. et al . ( J . Cont rol 1 
Rel • ' 25.* '■ 6 7 (1995)) , a-f sustained release formulation of 
granulocyte -colony stimulating factor (G-CSF) containing a 
35 0.5 to 4% hyaluronic acid gel. 

Such hyaluronic acid gel formulations have a sustained 
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release effect because the protein drugs slowly pass through 
the gel matrix having a high viscosity. However, a gel 
having a hyaluronic acid concentration of several % has a 
high viscosity, e.g., in the order of 10 5 to 10 7 centipoise, 
5 which makes the injection thereof difficult. Further, since 
both the drug and hyaluronic acid dissolve in water, a 
hyaluronic formulation is easily diluted by the body fluid 
after injection, with a consequential rapid release of the 
drug, usually within a day. For example, Japanese Patent 
10 Laid-open No. 1-287041 (1989) discloses that when a 1 % 
.hyaluronic .acid' gel formulation '■containing 'insulin was 
injected to. a rabbit > the effect of"; lowering the blood 
glucose level was sustained for only 24 hours; and Meyer, J. 
et.al. ( vide .\ supra ) and US Patent' No . 5,416,017, that when a 
15 . . 2 % hyaluronic acid gel formulation containing 'G-CSF and a 
1: 5 i% hyaluronic acid gel formulation containing interferon- 
a together with serum protein are administered'to an animal, 
. <. blood level s'\ of - . thesev protein - drugs suddeiily drop to below 

... 1/10 fof , theoinitial .llevels in :24 hours; - 
20 , r . -v Benzyl; hyaluronate^HYAFF™, Fidia S . P .Al )' , : a synthetic 
: ester -prepared by;:iester-ifyincf -natural hyaluronic acid with 
-benzyl alcohol, does not' dissolve in : water but : in an organic 
solvent- such :<as?: dimethyl- sulfoxide (DMSO) v : A' solid benzyl 
. . hyaluronate mieroparticle formulation Containing a protein 
25 drug.;. has < been prepaired by the emulsion- solvent ; ^extraction 
- method (Night 1 inger , N. S. et al . , Proceed . T Intern . Svmp . 
Control . Rel . Bioact . Mater . . 2 2nd,. Paper No . , 3205 (1995); 
and Hum, L. et al . , J. Controlled Rel , , 29, 133 (1994)), 
which is conducted by dissolving benzyl hyaluronate in DMSO; 
30 dispersing the protein drug in the resulting solution; 
adding the re q^^rig dispersion to mineral oil to form an 
emulsion; an,d ; adding^ a r : solvent which is miscible v with' DMSO, 
e.g., ethyl acetate, to the emulsion to extract DMSO 
therefrom to obtain solid microparticles comprising the 
3 5 protein drug and benzyl hyaluronate. 

However, the benzyl hyaluronate formulation has the 
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drawback that the protein drug can be easily denatured by 
the organic solvent used in the preparative step and also by 
hydrophobic benzyl hyaluronate itself. An in vitro release 
test of a benzyl hyaluronate microparticle comprising 
5 granulocyte macrophage -colony stimulating factor (GM-CSF) 
showed that only 25 % of. GM-CSF. was released in the initial 
2 days, and, thereafter no more of GM-CSF (Nightlinger, N.S. 
et al . , vide supra ) , suggesting that most of the protein 
drug was denatured. 
10 In the meantime, several attempts have been made to 

develop an oral, formulation of a protein drug or an antigen, 
using, in. particular, the fact that a 'microparticle 
containing an. antigen having a particle ■ size of 5 //m or less 
can be easily phagocyt osi zed . by a phagocyte . It, therefore, 
15 : is . expected that, an antigen can be targeted to a specific 
location, ; in. the body, e.g., Payer ' s . patches of small 
intes,tine .... .. 

- ; Hpweyer,. : . it ..is.dif f icult for M cells. of Payer' s patches 
to absorb . . an. antigen du,e to its hydrophilicity and high 
2 0 molecular weight To -/enhance the absorption of an antigen 
b y -M cells , an absorption enhancing agent . such as a mixed 
bile salt-fatty . acid micelle; chelator 1 , fatty acid, 
phospholipid,. : acrylcarnitine > surfactant , medium chain 
glycerides has been employed (Lee, V. H. ■ L . , Gri.fl- Rev. Ther. 
25 : Drug: Carrier Systems. 5,. 69.-9-7 (1988) ; Yoshioka, S. et al . , 
9 r -.'? h ! 1 ™V...gP i - ' 2i' 593-597, (1982) ; Scott -Mohcrieff , J. C. 
et al v> J .-- Pha rm. Sci . . -83./. 1465-1469. ( 199.4 )' ;. Muranishi , S. 
et al., Chem. P harm. Bull. . 25, 1159-1163 (1977) ; Fix, J. A. 
et al.. Am. J, Phvsiol . . 2^1, G332-G340 (1986); Shao, Z. et 
30 al., Pharm. Res. . 10,. 143-250 (1993) ; Constant inides , P. P. 
et al . , Proc. I nt. Svmp. Control. Release Bioactive Mater. . 
20, 184-185 (1993); and Bj ork, . E. et al., J. ! Drug Targeting : 
2, 501-507 (1995) ) . Further, it has been reported that when 
a microparticle prepared by encapsulating bovine serum 
35 albumin in lecithin-cholesterol liposome is orally 
administered to an animal, an IgA response in the glandulae 
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salivares is increased (Genco, R. et al . , Ann. N. Y. Acad. 
Sci . . 409 . 650-667(1983)). 

However, the only effective oral vaccine formulation 
that has been successfully developed is a polio vaccine for 
5 which an intestine receptor exists, and the liposome 
microparticle has the problem of structural instability. 

SUMMARY OF: THE INVENTION 

< 

10 Accordingly, it* is an' object of the present invention 

to provide a microparticle having ekn improved stability and 
, effective delivery of a protein drug 6r v ari' antigen. 

, . It is another • object of the present invention to 
provide a> sustained-release formulation comprising said 
15 microparticle.. . ;; ; ■ ; 

, In accordance with brie aspect of the prese'fil: invention, 
there is provided v^a lipophilic mibro^articie having an 
- k\ ; average .particle >size ranging ^from 0 /I 'ta f 200 /im^ ' comprising 
- %: a^::lippphilic - substance selected 
20, -from the * group consisting of -a prbteiit br^ptide drug and 
<t f. an antigemi' - ; '-v- ; . ! ■ " v " 

. BRIEF D ESCRIPTION OF 'THE DRAWINGS ' ' • "' 

25 :The above objects and features of the preseiit invention 

.will become apparent from the following description of 
preferred embodiments taken in 'conjunction with the 
.accompanying drawings, .in-jwhich: - - 

Fig. 1 shows In vitro release profiles of 
30 Microparticles 11, 12 and 13; 

Figs. ( 2A and 2B reproduce RP HPLC scans of the 
Microparticle 12 extract solution: obtained in Test Example 
3 and a standard hGH aqueous solution, respectively; and 

Figs. 3A and 3B illustrate ; SEC scans of the 
35 Microparticle 12 extract solution obtained in Test Example 
3 and a standard hGH aqueous solution, respectively. 
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DETAILED DESCRIPTION OF THE INVENTION 

The. solid, lipophilic microparticle of the present 
invention comprises a lipophilic substance and an active 
ingredient . 

The active ingredient which may be used in the present 
invention is a protein drug, peptide drug or antigen. 
Representative protein or peptide drugs include human growth 
hormone, bovine growth hormone, porcine growth hormone, 
growth. hormone releasing hormone, growth hormone releasing 
peptide,, granulocyte -colony stimulating < factor , granulocyte 
macrophage -colony stimulating ■ factor, macrophage -colony 
stimulating .. factor, erythropoietin, bone morphogenic 
P^? tein ' interf eron, insulin, , atriopeptin-III , monoclonal 
antibody, tumor necrosis factor, macrophage activating 
factor, interleukin, tumor degenerating factor, insulin-like 
growth factor,, epidermal growth . factor, tissu£ : plasminogen 
activator an^ limit the protein 

or peptide drugs v which may be used in the present invention. 

..Represent at iye antigens include , those obtained * from: 
one or more pathogens selected from the group consisting of 
adenovirus type 4&7, hepatitis A virus, hepatitis B virus, 
hepatitis C virus, ...influenz^ A & B. virus /„; ..Japanese B 
encephalitis virus, measles virus , epidemic parotitis virus, 
rubella virus, polio virus, hydrophobia- virus, chickenpox 
virus, yellow fever, virus and human immunodeficiency virus; 
one or. more -pathogens selected. -from the group ■ consisting of 
Bordetella pertussis . Borreli a burgdorferi . enterotoxigenic 
Escherichia coli . Haemophilus influenza type b, 
Mycobacterium leprae , Mycobacterium tuberculosis . Neisseria 
meningitidis A & C, Neisseria meningitidis B, Pseudomonas 
^.^g£5555^ : Pseudomonas cepacia, Salmonella typhi . Shigella 
S PP- / Strept ococcus pneumoniae and Vibri o cholerae : one or 
more pathogens selected from the group consisting of 
Coccidiodes immitis. Leishmania sp. and Plasmodium sp. ; one 
or more pathogens responsible for the disease selected from 
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the group consisting of bovine blackleg, bovine epidemic 
fever, bovine anthrax, bovine Akabane's disease, bovine 
foot-and-mouth disease, bovine mammitis, bovine infectious 
nasotracheal inflammation, bovine viral diarrhea, bovine 
5 infectious gastroenteritis , ; porcine cholera, porcine 
epidemic diarrhea, porcine atrophic gastritis, porcine 
disease caused by pavovirus, porcine enteritis caused by 
rotavirus, chicken Newcastle disease, chicken Marek's 
disease,, chicken 'encephalomyelitis , rabies, dog distemper, 
10. dog enteritis caused by parvovirus arid dog infectious 
hepatitis, the : antigen being an attenuated, killed or 
recombinant antigen; or DNA, RNA, plasmid, CpG DNA or 
,.. ; oligonucleotide extracted from the ^pathogen, but these do 
not : limit c the antigen which may be used ; : in ; the present 
•15... . invention ... !,,. ; ... •■- : - ' : - ": 

, : M . . : .^he ^ lipophilic . substance * which! may c be r used in the 
. .. pr(esen : ^\;/inyenti.pn . -includes, .a* --1-ipi'd- -^nd* its' derivatives, a 
; , . .^fattyvjac^ci . andvri.ts^derivatives , a wax -arid a-mixture thereof. 
rv Representali-ive ,1 ipids inelnide^leci thin > ph6spha-t: idyl choline , 
.20, ; p h o s p h a t i d yl eh a no lam in e v ph ospha tidy Is eririe and 
, phosphatidylinositol . Representative 'derivatives of lipid 
include,?-,, arachidoyl phosphatidylcholine ' arid stearoyl 
phosphatidylcholine; Representative 'fatty : acids include 
myristic acid;> -palmitic, acid,;' stearic' acid, : and salts 
25 thereof . , Representative derivatives ^f fatty acid include 
glyceryl stearate, sorbitan palmitafce, sorbitan stearate, 
» sorbitan monooleate and- polysbrbate ; - H Representative waxes 
include, an anionic emulsifying wax, carnauba wax and 
microcrystalline wax. Among, those, * preferred are surface- 
30 active , lipophilic = substances such as lecithin, 
phosph^feiclyi^pbQl ine and phospha t i dy 1 ehanol amine . 

The; lipophilic: microparticle of the present invention 
may comprise 0.001 to 99 % by weight/ preferably 0.1 to 10 
% by weight, of an active ingredient arid 1 to 99.999 % by 
35 weight, preferably 5 to 50 % by weight, of an lipophilic 
substance, based on the weight of the microparticle . 
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In addition to the active ingredient, the microparticle 
of the present invention may further comprise hyaluronic 
acid or an inorganic salt thereof. Representative inorganic 
salts of hyaluronic acid include sodium hyaluronate, 
5 potassium hyaluronate, ammonium hyaluronate, calcium 
hyaluronate, magnesium hyaluronate, zinc hyaluronate and 
cobalt hyaluronate. Hyaluronic acid or its inorganic salt 
may be used in an amount ranging from 0 . 1 to 99 % by weight 
based on the weight of the microparticle . 

10 T^e microparticle of the. present invention may further 

comprise ; a water-soluble excipieht for the purpose of 
stabilizing tjie active: ingredient.. The ; water-soluble 
,excipient .which may be used in the present invention 
.includes a carbohydrate such as hydrbxypropyl cellulose, 
15 carboxymethyl cellulose, sodium carboxymetfcyl cellulose, 
• : chitosan., alginate, glucose, xylose, galactose, fructose, 
maltose, ; ^acch^rose, > ; dextrah and vdioMroMn " sulfate; a 
,,, : .P^o^ein such.^as albumin: and <;gelat in ari '.amihd' acid such as 
. . . :.. i:.glyPAne;^ acid; .". argini«e-^ lyg'iiie and a salt 

20 •- the ^P f : a, fatty acidr.-such <'-aa.-;:stea*ic^afcia;H an inorganic 
. •= salt, ; such.., as phosphate; a Asurf actant r ' such'^as ' Tween* (ICI) 
pply (ethylene; glycol) , and a mixtures 1 thereof '. The water- 
: . soluble excipient . may : be used ) in ;■ ah- ;amouht ! ranging from 
. OvOQl ta , 99. .%■ by weight, preferably from Oil/ to 50 % by 
25. weight based on .-.-ithe. amount of the microparticle . 

.The lipophilic microparticle of the present invention 
may be v , prepared by coating a solid particle containing an 
active ingredient with a lipophilic substance according to 
any one of ,. following, methods 
30 The lipophilic, microparticle of the present invention 

may be prepared by dissolving an active ingredient in an 
aqueous solution containing other optional components such 
as hyaluronic acid and a water-soluble excipient; spray- or 
freeze-drying the. resulting solution to obtain solid 
35 particles containing the active ingredient; dispersing the 
solid particles in an organic solvent containing a 
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lipophilic substance; and then drying the dispersion to 
obtain solid, lipophilic micropart icles . The organic 
solvent which may be used in the above procedure includes 
ethanol, methylene chloride and isopropyl alcohol . 
5 Alternatively, the lipophilic ^micropart icle of the 

present; invention may be prepared by dissolving an active 
ingredient in an aqueous solution containing other optional 
components such as hyaluronic acid and a water-soluble 
expipientv adding a surface-active lipophilic substance such 

10 as, lecithin thereto to allow the Surf ace-active lipophilic 
substance, to , hydrate, and '■■spray" i, -^btying : ' >l the resulting 
.solution., In the spray-drying ' -step, the' surf ace -active 
lipophilic substance migrates to the surface of the droplets 
t .... and coats, the ; parti ; cle&'Cbhtaihihg thle active ingredient . 

15, . . .The ..inventive micropart icle thus prepared lias an 

average particle size ranging from 0.1 to 200 "'jim, preferably 

r f ■ 

...... from 1 to 50 fxm, more ^preferably 1 tb 10 '/im. 

. f . The ...... invent ive v mi croparticle ' ! c6n€siin£ng " an active 

; . ingredient;,has ^seveoral^advahtages 1 : (if - the active "ingredient 
■2 0 . t : .is ir; not v derta .tured., and ^retains i'Bs f ul 1 'a^t'i'Vf ty ; (2) it 
releases:' the- active ingredient - fully "ovef 'i J pro longed time; 
. ;n (3) ..it, is : : easily, dispersed'in'-a^lipophili'c' medium such as an 
■.. oil, and the dispersion^ thus obtained l has^ v ai 7 low' viscosity 
, and retains .the full activity of the : active' ih%rWdient; (4) 
25 it is - easily . f .us e d : wi t to ~t-heP r pho spho l'ip id' ' triemb'r ane of the 
body to effectively transport the 1 active ihy^dieht into the 
body; . (5)> when it is orally administered, it can be 
.; translocated into M cells of Payers' s patches located in the 
small intestine. 
30 The microparticle of present invention may be 

formulated in the forms of dispersion, emulsion and aerosol. 

Therefore, the" present invention further provides a 
dispersion formulation prepared by dispersing the inventive 
lipophilic microparticles in a lipophilic medium. The 
35 lipophilic medium which may be used in the present invention 
includes an edible oil, mineral oil, squalene, squalane, cod 
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liver oil, mono-, di- or triglyceride, and a mixture 
thereof. Representative edible oils include corn oil, olive 
oil, soybean oil, saf flower oil, cotton seed oil, peanut 
oil, sesame oil, sunflower oil and a mixture thereof. The 
5 lipophilic. medium may further comprise a dispersing agent or 
a preservative. The dispersion formulation may be used for 
injection or oral administration. 

The present invention also provides an oil -in- water 
emulsion formulation comprising an aqueous injection medium 
10 and .the dispersant formulation. The aqueous injection 
medium includes distilled water and a buffered solution. In 
, the emulsion formulation, the lipophilic micrbparticles are 
coated with an oil and, remain in- the oil phase while 
...... chancing the formation and stabilization of the water-in- 

15 ^i 1 . pulsion. The .emulsion formulation may be used for 
injection. .. . • • - ; 

The emulsion, f ormulation, when- its active 1 ingredient is 
f , ,-, an !: .f n ^ i 9 en / ma y .further.- comprise another ' antigen in the 
-pr , a ^ eous injection . medium-, .thereby providing a mixed vaccine 
20 f ?^l.fit±on. For example, :..a. : dispersion formulation' which 
. , c P!^^f^ : ^r ^rop a rt±cle S of . hepatitis B surface 
W^tR < HB sAg), dispersed, in an edible oil:: may be mixed with 
a DTP vaccine, containing^ DTP, antigen adsorbed to alum in an 
.aqueous ... solution, to , obtain an oil-in^water emulsion 
25 - ^ 0 ^M.^ at ^ on ", -The., -emulsion •• formulation - thus obtained is 
. composed of an aqueous phase containing DTP antigen adsorbed 
to alum and an oil phase containing solid microparticles of 
HBsAg. in this emulsion formulation., HBsAg and DTP antigen 
are present separately in the aqueous phase arid oil phase, 
30 respectively, thereby preventing undesirable interactions 
between HBsAg and DTP antigen. In contrast, a mixed vaccine 
formulation prepared by adsorbing several antigens to alum 
in,-, an aqueous solution is known- to suffer from a low 

vaccination effect due to undesirable interactions between 
35 the antigens. 

The present invention further provides an aerosol 
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formulation comprising the inventive microparticle . The 
aerosol ■ formulation may be prepared according to a 
conventional method using a conventional excipient. The 
aerosol formulation may be administered via nasal or 
5 bronchial mucous membrane . 

• ; The following Examples are intended to further 
illustrate the present invention without limiting its scope. 

Further, percentages given below for solid in solid 
mixture, liquid in liquid, and solid in liquid are on a 
10 wt/wt,- vol/vol and wt/vol basis, respectively, unless 
specifically indicated otherwise. 

Example 1 : Preparation of Lipophilic Microparticles 

15 . Lecithin was : added to - 10 ^ ornM phosphate buffered 

solution (PBS), at, a coneentraticih of 2 1 % (w/v) arid hydrated 
:r , thoroughly. . .. , A . recombinant • hepatitiis ■ B' surface 
: ,„anti Ltd ; ) -wa r s: i^dded^ thereto to a 

■ /.rcpncentratipn of 7 0^5. mg/m^.. and-> the x resulting solution was 
20,, .. provided. to a : spray dryer .(Buchi 191) 'at'*'a*J fl borate of' 0.55 
mf/minute jto /obtain- solid; microparticles«(Microparticle 1) . 
In this step, the inflow air temperature was 70 °C and the 
. . ..outflow air , temperature, 5 0. ?C. The ; particle ^s'ize of the 
microparticles thus obtained was in the range of 0 . 1 to 5 
2 5 .- /zm . • • • ■ . * ~ * C 

Example 2: Preparation of Lipophilic Microparticles 

Recombinant HBsAg was dissolved in 10 mM PBS to a 
30 concentration of 0.5 mg/mf and carboxymethylcellulose was 
add$4 thereto to a concentration of 3 % (w/v) . The resulting 
solution was provided to a spray dryer (Buchi 191) at a: flow 
rate of 0.55 m£ /minute to obtain primary particles. In this 
step, the inflow air temperature was 70 °C and the outflow 
35 air temperature, 50 °C. 

A solution of 5 % (w/v) lecithin in ethanol was prepared 
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and the primary particles were dispersed therein at a 
concentration of 5 % (w/v) . The resulting dispersion was 
provided to a spray dryer(Buchi 191) at a flow rate of .1.0 
ml /minute to obtain solid micropart icles (Micropart icle 2). 
5 In this step, the inflow air temperature was 85 °C and the 
outflow air temperature, .50 °C. The particle size of the 
microparticles thus obtained was iri the range of 0.1 to 5 
fxm.> 

10 Example 3 :. Preparation .of . Lipophilic Microparticles 

Carboxymethyl cellulose was dissolved in 10 mM PBS to a 
. : concentration of '-...'3 *..,% (w/v) , Lecithin was added thereto to a 
concentration of 2 % (w/v) and hydrated thoroughly. 
15. Recombinant: HBsAg 1 was thenradded ^thereto" to ; a concentration 
of , 0;.- 5 mg/mt : ; The resulting = solut xtiri 1 was- provided to a 
spray ; dryer.;(Buchii 191) at: ; a flow rate of ■ 0 1; 55 thf /minute to 
■>•;: obtain, sol id;, microparticles (Micfoparticl^ 3)H '•> ;-' In- this step, 
.. ; the inflow,-, air.-!,ternperature:. was^. 70 and '''the*' -outflow air 
20 : tgmp.eraturev, 50: ?.C. ; ;The particle 'size of thd : microparticles 
■ thug-.-pbtained . was-., in :* the.;: range. ,:6f o : 1 ' to 5 /im . 

i.' . , .... • • i i. . ! , ■ .• - • . ; • i • ' 

Exampl es 4 to 9 : Preparation of Lipophilic ' Microparticles 

2 5 The procedure of Example 3 was repeated using various 

ingredients listed in Table I to obtain various solid 
.. microparticles (Microparticles 4 to 9) .* > V 
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Example 10: Preparation of Lipophilic Microparticles 

Carboxymethylcellulose was dissolved in 10 mM PBS to a 
concentration of 3 % (w/v) , the resulting . solution was 

r 

5 filtered and sterilized. Lecithin was added thereto to a 
concentration of 2 % (w/v) and hydrated thoroughly. A DNA 
extract of E^. coli was dissolved in 10 mM PBS in an amount 
of 1 mg/mtf and this solution was added, to the ;above mixture 
to a ' concentration of 6 wt% based on : the total weight of the 
10 mixture, followed by mixing using a , magnetic . stirrer . The 
resulting suspension was;, provided to a '! spray •; dryer (Buchi 
■. i;91) a,t ,a. f low, rate ! of '0. ; 55 y m* /minute' to : :• obtain solid 
microparticles (Microparticle 10) In this step; the inflow 
• air temperature ' was 70 °C and the . outflow air./ temperature , 
50 ;«G. '|. The particle size 6;f the microparticles thus 
. obtained was in the range of 0.2 to 3 fim. 



15 



20 



Example 11: Preparation . of ^Lipophilic Microbarticles 



; r; i ^umaji growth hormone (hGH) dissolved' in:S mM' PBS to 

. - a: concentration of ; 2 mg/m^: .and; then • Tween ^36' was added 
- : ^ere to. in.;. an amount of 0 . 01::wt%; :based; on ! the weight of PBS . 

Sodiuni. r hyalurpnate-;haying a , molecular ^weight' • of a , 000 , 000 
J' was dissolved ( therein to a concentration of 0.2 % (w/v) . The 
25- ^resulting solution was provided | to ..a; spray dryer (Buchi 190 ) 
at-a Lf low; rate of 3 W /minute to obtain primary particles . 
In. this step, ■ the; inf low air ' temperature . vias.j, 85 °C. The 

average particle size of the' primary particles thus obtained 
' was 3 fim. 

* 

30 ' : Lecithin was dissolved in ethanol to a concentration of 

1 %(w/v) and then the primary particles were suspended 
therein at a concentration of 1 % (w/v) . The resulting 
suspension was provided tp: a- spray dryer (Buchi 190) to 
obtain microparticles (Microparticle 11). The average 

35 particle size of the microparticles thus obtained was 7 /«n. 
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Examples 12 to 24 : Preparation of Lipophilic Microparticles 

The procedure of Example 11 was repeated using, various 
ingredients listed in Table II to obtain various solid 
5 microparticles (Microparticles 12 to 24). 
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Example 25 : Preparation of Cotton Seed Oil Dispersion 

; Formulations of Microparticle 3 

1 

Microparticle 3 prepared in Example 3 was added to 
5 cotton seed oil and dispersed using' a magnetic stirrer to 
obtain five cotton seed oil dispersions containing 20, 50, 
100, 200 an 500 mg/m£ of Microparticle 3, respectively, 

. Example \ 2 6 : Preparation of Edible Oil Dispersion 
10 Formulations of Microparticle 3 

The procedure of Example 25 was repeated using soybean 
o^tf^8@®83|^ ■" oil ' and ; ; sesame, oil ; -re■iB"pectdvelyi■ : ■^.■■tb , obtain a 
soybean^, oil, corn oil and : sesame- oil dispersions each 
15 containing 100 mg/m£ of Microparticle 3. 

* , * * p i 

Example 2 7 : Preparat ion of /Edible 1 Oil ' Di'spersioh* 
. ... • --Formulations * of Microparticle 8 

2 0 The procedure of Example 2 5 was repeated using 

^^^^^particle ; 8 . to obtain .cotton seed oil , r „ soybean; oil , corn 
oil anil sesame oil dispersions each -containing 100 mg/m£ of 
Microparticle 8. 

25 Example- 28 : Preparation. of Edible Oil Dispersion 

i 

Formulations of Microparticle 9 

The procedure of Example 25 was repeated using 
Microparticle 9 to obtain cotton seed oil, soybean oil, corn 

3 0 oil and setsame. oil dispersions each containing 100 mg/m£ of 

Microparticle 9, 

Example 29 : Preparation of Edible Oil Dispersion 

Formulations of Microparticle 10 

35 

The procedure of Example 25! was repeated using 
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Microparticle 10 to obtain cotton seed oil, soybean oil, 
corn oil and sesame oil dispersions each containing 100 
mg/mf of Microparticle 10. 

5 Example 30: Preparation of Cotton Seed Oil Dispersion 

Formulations of Microparticle 12 

The procedure of Example 2 5 was repeated using 
Microparticle 12 to -obtain five. cotton seed . oil ; dispersions 
10 each containing .50, 100, 200, 360 and 500 mg/mg of 
Microparticle 12, respectively. 

,;. Examol e 31: Preparation .of Edible Oil Dispersion 
■;.:! 1 v:; .;. : Formulations of .Microparticle 12 ' 



15 



2 0 



The procedure of Example 25 was repeated using 
Microparticle, .12 ^tp;,;obtain soybean, oil, cprn' oia'Aand sesame 

011 dispersions;, each containing h 1.00 mg/mf of Microparticle 

12 . 



r, Example 32: Preparation- .of i Edible Oil i Dispersion'' 

::' Formulations .of, Microparticle: 14; 



The procedure of Example 2 5 was repeated using 
25 Microparticle; 14, ;to obtain cotton seed oil , . .soybean - oil, 
corn oil and sesame oil . dispersions each containing 360 
mg/m£ of Microparticle 14. 



Example 33: Preparation of Edible Oil Dispersion 
30 ■ Formulations of Microparticle 15 

The procedure of Example 25 was repeated using 
Microparticle 15 to obtain, cotton seed oil, soybean oil, 
corn oil and sesame oil dispersions each containing 360 
3 5 mg/m£ of Microparticle 15. 
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Example 34 : Preparation of Edible Oil Dispersion 

Formulations of Microparticle 18 

The procedure of Example 2 5 was repeated using 
5 Microparticle 18 to obtain cotton seed oil, soybean oil, 
corn oil and sesame oil dispersions each containing 360 
mg/mi of Microparticle 18, 

Example 3 5 : Preparation of Emulsion Formulations of 
10 Microparticle 3 

Each of the soybean oil,, corn oil and sesame oil 
dispersions obtained .in , Example 26 was added to a 4-fold 
. volume of .0.9,%. NaCl .solution to obtain- a. mixture -of oil and 
15 wat^.r (1 :4 ) .containing;. 2 0 mg/m^ ; Microparticle 3. The 
resulting, mixture was mixed to obtain a homogeneous , white- 
opaque oil-in-water emulsion. j 

Example 36 : Preparation of Emulsion Formulations^ of 
20 Microparticle - 12 ; . 

: , : >1 The procedure, .of. JExample. ,3.5,,: was repeated using the 
cottpn seed > dispersions.;- ! obtained in Example -- 3 0 to obtain 
f.ive homogeneous, whit.e-opaque oil-in-water. emulsidns, which 

25 respectively. ..contained. 5, .20, -50, 120 : and 200 mg/mf of 
Microparticle 12, the ..oil to the water ratios thereof being 
1:9, 1:4, 1:3, 1:2, and 2:3, respectively. 

In these emulsion formulations, the solid 
microparticles were dispersed in the oil phase and the oil 

3 0 droplets containing the microparticles were stable due to 
the lipophilic surface of the microparticles. The emulsions 
were stable at an ambient temperature for a period of over 
2 weeks . 



35 
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Example 3 7: Preparation of Emulsion Formulations of 

Microparticle 12 

• . The procedure of Example 35 was repeated using the 
5 soybean oil, corn oil and- sesame oil dispersions obtained in 
Example 31 to obtain homogeneous, white-opaque oil-in-water 
emulsion formulations. 

Example 3 8 : Preparation of Emulsion Formulation* of 
10 Microparticle 22 

The procedure of Example 25 was "' repeated using 
• Microparticle 22 and- soybean oil tb obtain a " soybean oil 
dispersion containing 100 mg/mt of Microparticle 22. Using 
15 the, (resulting dispersion, thier procedure of Example 35 was 
•repeated; to obtain a homogeneous', wfiite-opdquW oil - in- water 
emulsion formulation. - •■ .•>'■'•.■«, - . s - . ■ 

E2camEl^i39 : . Preparation of Emiilsiori Tormulafeioiv-ot 

20 Microparticle"^ 1 <-■•'•■ 

» 

: , The -procedure of -'Example 25 'was 'repeated using 
Microparticle 23 and^ ' soybean ' '6II : : 'to obtain a "soybean oil 
, . dispersion containing 100 mg/mf of Microparticle 23 . Using 
25 . the. resulting dispersion/ the- proc^duire of " Example 35 ; was 
repeated. to obtain a homogeneous, white ^bpacjue'oil- in- water 
emulsion formulation. 



- Example 40: Preparation of Emulsion Formulation of 
30 Microparticle' 24 

The procedure of Example 25 was repeated using 
Mtcropaarticle 24 and soybean oil to obtain a soybean oil 
dispersion containing 100 mg/m£ of Microparticle 24. Using 
35 the resulting dispersion, the procedure of Example 35 was 
repeated to obtain a homogeneous, white-opaque oil-in-water 
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emulsion formulation. 

Example 41 : Preparation of Emulsion Formulations of 

Microparticle 14 

•5 

The- procedure of Example 3 5 was repeated using the 
cotton seed oil, soybean oil, corn seed oil and sesame oil 
dispersions obtained in Example 32 arid 2- fold volumes of 0.9 
% NaCl solution to .-obtain four homogeneous, white-opaque 
10 oil-in-water emulsion formulations. Each of the 

formulations thus - -obtained 1 - contained 12 0 mg/ml of 
. Microparticle. 14 in ;a mixture of 1 bil ' and' water (1:2) . 

Example 4 2 : Preparation of Emulsion Formulations of 
15, . : ...Microparticle 15 •. -.*-:*.V " : 

The procedure of Example 35 was repeated using the 
. cptjt.pn seed oil, soybean oil, corn seed oil? and sesame oil 
dispersiQns;-6btaihed in E&ampl%— 3 : 3 %'ri'd 2- f bict' vbliimes of 0.9 
2.0,. O r (1 %: NaCl;- risplutibn^to 1 • bbt ai--n ' • : f•6ur- > 'ttbm69erie6us' : ;' v " , ' white -opaque 

* * * 

. ; ,. oil -in-water., ^emulsion " vf birmuTatibns . 1 ' Each of the 
t r formulations ^ thus: obtained^ :;: coxitd xned~ ! ''12''& : ^' mg/mt of 
Microparticle 15 in a mixture of oil and water (1:2) . 

« f 

25 ; Example 43 Preparation of - Emulsion Formulations of 

Microparticle 18 

: The,, procedure of Example 35 was repeated using the 
cotton seed oil, soybean oil, corn seed oil arid sesame oil 
30 dispersions obtained in Example 34 and 2 -fold volumes of 0 . 9 
% NaCl solution to obtain homogeneous, white-opaque oil-in- 
water emulsion formulations of Microparticle 18 . Each of 
t;he formulations thus obtained contained 12 0 mg/mf of 
Microparticle 18 in a mixture of oil and water (1:2) . 

35 
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Example 44: Preparation of Emulsion Formulations of 

Microparticle 3 



5 



The procedure of Example 35 was repeated except that 
alum was used in place of 0.9 % NaCl, to obtain homogeneous, 
white-opaque oil-in-water emulsion formulations. 

Comparative Example i ■ Preparation of Comparative 

Microparticle . 1 ' . 

The procedure for .Example 2 was- repeated without the 
use of lecithin to obtain comparative, microparticles coated 
with no lipophilic substance (Comparative Microparticle 1) . 

15 Comparative Example 2 : -Preparation, of Dispersion Formulation 

of Comparative Microparticle 1 



10 



■ 1>* 



20 



25 



30 



35 



' ' " - * 



■ ■, ^ e ... P roc .edure of, Example . 25 was repeated using 

.. £ ompa Wfve Microparticle, 1 and r,- soybean^ >■ 6il.'!>tb obtain a 
soybean oil dispersion containing 10 0 ; mg/m^. of Comparative 
Microparticle . 1 (Comparative, Dispersion. a) ;• which contained 
aggregated, -non -homogeneously dispersed microparticles . 



Comparative Example Preparation of Emulsion Formulation 

:i rr /. ;~> - • ^ ^ of Comparative Microparticle i'* 

The procedure of Example 3 5 was repeated using 

spersion , 1 and physiological saline for 
injection to obtain an emulsion formulation (Comparative 
Emulsion 1) , which was not a homogeneous emulsion 'but showed 
a separation with aggregated microparticles. 

■ ara ^ ve Example 4; Preparation of Comparative 

Microparticle 2 

The procedure of Example 11 was repeated using 1 mg/m£ 
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hGH, 0.1 %(w.v) sodium hyaluronate having a molecular weight 
of 2,000,000 to obtain comparative microparticles having no 
lipophilic coating (Comparative Micropart icle 2). 

5 Compar ative Example 5 : Preparation of Dispersion Formulation 

of Comparative Microparticle 2 

r - 

The procedure of Example 2 5 was repeated using 
Comparative Microparticle 2 and cotton seed oil to obtain a 
10 cotton seed oil dispersion ./containing 100 mg/mf of 
Comparative Microparticle 2 (Comparative Dispersion 2). 

• Comparative Ex ample 6 : Preparation of Emulsion Formulation 

of Comparative- Microparticle 2 

The procedure- of Example .35 was repeated using 
Comparative Dispersion 2.. .. The resulting mixture (Comparative 
Emulsion 2) did not form a homogeneous emulsion and but 
iv, . exhibited a. :, phase separation,- withj^St'he^ '* -microparticles 
2 0 dispersed in both the oil and water phases. 

* Compar ative- Example 7 ::■ Preparation of Comparative 
• ; • Microparticle 3 ' v 

25 , The procedure of Example 11 was repieated : using 2xl0 5 

IU/me interf eron-ar, 0.2 mg/m£ D-mannitol, 0.2 mg/m£ serum 
albumin and 0.2 5 % (w/v) sodium hyaluronate having a 
molecular weight of .2^000,000 at an inflow air temperature 
of 105 °C to obtain a comparative microparticles having no 

30 lipophilic coating (Comparative Microparticle 3) which had an 
average particle size of 3.5 jzm'. 



35 
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Compara tive Example 8 : Preparation of Oil Dispersion 

Formulation of Comparative 
Microparticle. 3 



The procedure of Example 25 was repeated using 
Comparative Microparticle 3 and cotton seed oil to obtain a 
cotton seed oil dispersion containing 100 mg/mf of 
Comparative Microparticle 3 (Comparative Dispersion 3). 

1° Comparative .Example 9 : .PreparaH on of Emulsion Formulation 

. of Comparative ■■Microparticle 3 

i; .The procedure of . • Example.;?: 3 5 was : repeated using 
/Comparative Dispersion 3.. The resulting mixture (Comparative 
15 Emulsion 3) did not form a homogeneous emulsion but 
^ e:j ^fe it ^4 a^.phas;e; <■ separation '^With* the microparticles 
. ..... disgers^.d.^in .h>ot.h the. . oil, an* watfer phases; J ' 

f . . .Test. Example Stability Test': of. ^Micrdp^irticlfes 1 and 3 

To examine whether an antigen contained in a 
^ic^P^fticle.m^ 

1 and 3 was dissolved in water and diluted with 1,000- to 
100,000-fold volume of water and the HBsAb antigenicity was 

2 5:.-:. ;, , examined using- AUZYME:*- kit .*( Abbot t # '' : -USA)'; Results are 'shown 
. in Table III.-r ; , 

. • ' " , . ' 



Table III - 



30 



Microparticle No. 


Antigenicity Before 
Preparation ( % ) 


Antigenicity After 
Preparation (%) 


1 


89.5 


86.7 


3 


88.6 


82.3 



As can be seen from Table III, the antigenicity of 
HBsAg contained in the inventive microparticles was largely 
unchanged before and after the preparation. Therefore, the 
antigen contained in the microparticle of the present 
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invention preserves its antigenicity. 

. Test- Example 2 ; In Vitro Release Test of Microparticles 11, 

12 and 13 

5 

Each of Microparticles 11, 12 and 13 was dispersed in 
a buffered solution (150 mMNaCl, 10 mM phosphate, 0.05 % 
sodium azide, pH 7 . 4 ) ' so that the hGH concentration was 1.0 
^S/j"^-.. ^ in vitro release test was conducted by stirring 
10 the: resulting dispersion at 37" °C and at a preset time, the 
, . ..dispersion : was centrifuged. --at: 8^00 g for 10 minute and a 
. sample, of the supernatant, taken in an 'amount-o^' IT/10 volume 
of the dispersion, was mixed with an- 1 equal vdiume of the 
above buffered . solution . hGH contained in 1 the supernatant 
15 was quantified using Lowry method with High p£rf orftiance 
Liquid Chromatography (HPLC) . 

i-'^i-S:- * shows the release.prof iles o£:=Micropart i c 1 e s 11, 
12 and 13 thus determined. As can be seen from Fig. 1, as 
the molecular weight of hyaluronic acid becomes higher, and 
• a? , content of T rhGH decrease ; j tfte^ release rate <5£ hGH 
t , , :) ^comes. : ^pwer.;; Mherefdre, :tHe ; protein' v d^ug v rfefease rate 
c^n tJ/ be . controlled by adjusting'" the mblectxi ; ar Weight of 
.:.^luronic acid and the protein drtig ? bbnterie;' V:! 'Mrther, in 
vitro release test results ; shbwed : that J an : initial burst 
25 release of the protein drug does not occur and the release 
rate is constant . until 7.0 % of protein is released. 

* * ■■" V-T~ " ■ .■• " :> - ' ; \ ; t ■ ■ ' ■ ' ' ; ; * ' . . 

Test , Example 3 : Stability test of Microparticle 12 : 

3 0 To examine whether hGH contained in Microparticle 12 

maintains its activity, the procedure of Test Example 1 was 
repeated and the amount of hGH releasee! from Microparticle 

* - * * * * 

12. in 48 hours was determined with both reversed phase (RP) 

L 

HPLC and size exclusion chromatography (SEC) . The RP HPLC 
35 was used to assess the extent of oxidative and deamidative 
denaturation of the protein; and SEC, the denaturation of 



20 
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the protein by aggregation. 

Figs. 2A and 2B represent RP HPLC results for the 
Microparticle 12 extract solution and the hGH aqueous 
solution used in preparation of Microparticle 12, 
respectively. 

Figs. 3A and 3B provide SEC results for the 
Microparticle 12 extract solution and hGH aqueous solution 
used in the preparation of Microparticle 12, respectively. 

.. As can be seen from Figs. 2 and 3 , the' amount of hGH 
released from the inventive microparticle is identical with 
that of the original hGH aqueous solution according to the 
RP HPLC results; and the SEC results show the monomeric hGH 
consent , is : 95 % or more. These results suggest that hGH is 
not denatured . during the preparation of the inventive 
microparticles. . 



20 



25 



30 



35 



Test r E *»mp-le 4: . la Vitro Release. Test of Microparticles 14 



to, 21 



Thf . pcocedure of Test Example 2 was repeated using each 
, of . Microparticles^ 14 : to 21,: and? the cumulative amounts of 
•; ^S!-. .released;; i-n 10 and 72 1 hours as •■ well as the 
monomeric .protein content of the 72 hours' sample were 
determined. The. results are shown in Table IV'. - " 

Table IV 




As can be seen from Table IV, the microparticles of the 
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present invention release the protein drug over a period of 
3 days, with no sign of denaturation of the protein drug. 

Test Example 5 : Inj ectability Test 1 

5 

To examine whether the microparticles of the present 
invention are homogeneously dispersed in an oil dispersion 
or in an oil-water emulsion, inj ectability tests were 
conducted. The inj ectability is defined as the force 
10. required to push a syringe filled with attest sample at a 
velocity of 80; mm/minute . ' A 23 , gauge inj ectionl needle was 
used: Samples used in these tests were an: allim. dispersion 

„ J. " *" "■ , ^ ^ • . .. • ■•■■■•»( 

prepared by diluting alum with 20-f old\PBS ; :soybfean oil; the 
soybean oil dispersion of Example 26; the emulsion of 
15 Example 44, Comparative.. : Dispersion ■ l"^=-and'- : *Sbmparative 
Emulsion 1, and the results are ishbwh in Table' V. 



Table V 



Formulation 


Cpnc . .of : : / t i : . 
Mi'croparticle (mg/m£ ) 


Inj ectability 
(kg,) 


Al jam- D i spp r a i on -,- 


: •• .-. o- 




Soybean oQ.il . T l : < , * , : . . 


t 0: . .' 


' . * ■ 0,5 


Dispersion Of Example. 


.50 


0-1:, 


Emulsion .Of /.Example .44, , 


-, - . - - 2 0 


, 0.5 


Comparative Dispersion 


- . •. f . f 50 ... 

it ■ * * 


Not Inj ected 


Comparative Emulsion 1 


...... . 20 * 


Not Injected 



30 : As- can be seen from Table V, the dispersion of Example 

2 6 is easily injectable, showing that Microparticle 3 of the 
present invention are well dispersed in oil as compared with 
'Comparative Microparticle 1 having no lecithin coating. 
Particularly, siiice the emulsion of the present invention 

35 has a superior injectability, it can be used in preparing a 
mixed formulation. 
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Test Ex ample 6 : Inj ectability Test 2 

The procedure of Test Example 5 was repeated for 0.9% 
NaCl aqueous solution, cotton seed oil, the cotton seed oil 
dispersion of Example 30, the emulsion of Example 36, 
Comparative Dispersion 2 , and Comparative Emulsion 2, using 
a 26 gauge syringe needle. Results are shown in Table VI. 



Table VI 



10 



Formulation 



Cone . of 

Mi c ropart i c 1 e (mg/m£ ) 



Inj ectability 
(kg*> 



is 



20 



' 1 J 



25 



30 



35 



0 , . 9 r % Na C 1 Aqueous 
S.olution 

Cotton seed Oil 

Dispersion Of Example 
3 0 - 

Emul s i on . Of : Example... 36 
Comparative Dispersion 



o.i 




. * • M ... i , 



'S C ;V jA s S^P?. f^/ T able VI, Micropart;icie , 12 of the 




spersion of the present invention nas an injectability 
^ui^alent ' ed that of the ; cott^^;- see^;oi;i t ; .-Further, the 
emulsion of Example 36 has a lbWer~ inj ectability' than cotton 
seed pi 1 in spite of the high:G^ 
12 . 

: In contrast, Comparative Mi croparticle 2 has an 
inferior dispersibility in cotton seed oil due to the 
absence of a lipophilic coating, causing the poor 
inj ectability of Comparative Dispersion 2. -Further, when 
the hydrophilic surface of Comparative Microparticle 2 
caused a phase separation in Comparative^ Emul si on 2, with a 
consequential leaching of the sodium hyaluronate component 
into the aqueous phase to raise the viscosity of water 
layer. Therefore, Comparative Emulsion 2 has an even poorer 
inj ectability than Comparative Dispersion 2. 
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Test Example 7 : Inj ectability Test 3 

The procedure of the Test Example 5 was repeated for 
the emulsions obtained ih Examples 38 to 40, and soybean oil 
5 as a control. The inj ectability of soybean oil was 1.4 kg f , 
and those of the emulsions obtained in Examples 38 to 40 
were in the range of 0.3 to 0.5 kg f similar to that of 0.9 
% NaCl aqueous solution. The lipophilic surface of the 
microparticles of the present invention becomes, coated with 
10 soybean oil, resulting in a homogeneous oil -in- water 
emulsion which has an inj ectability equivalent to that of 
waiter; 

Test Example 8 : Injection of Formulation to Animal 

-i • . ■ ■ 1 " ;t " s ' . 

To examine the biological activity of the formulation 
of the present invention on injection, Microparticle 3 was 
added to soybean oil to prepare four dispersions having 
^'recombinant HBsAg loadings of 0.5, 0.125, 0.03125 and 0.0078 

20 /ig proteiri/rrif , respectively. As a comparative formulation, 
ei "heipatitis B vaccine (LG Chemical Ltd., .Korea) containing 
alum as an immune adjuvant was diluted with PBS . to prepare 
samples 'Kavlrig^HBsAg' loadings of 0.5, 0.125, 0.03125, and 
0V00'7B*'7*9 prbteiri/m^ , respectively. 

25 ' * " Each dispersion sample was injected intraperitoneally 

. ■ ■* f '> "V " ' . , " 1 . •' . i ".' "J" : ■ ■ 

to 4 weeks-old male' Balb/C(H-2d) mice (10 mice), and blood 
sample's were taken therefrom 4 months after the injection. 

Serums were obtained from the blood samples and, titers of 

-. ■ *.■ ' ■ . . ■ * 

antibody thereof and antibody formation (%) were determined 
30 using AUSAB EIA kit (Abbott, USA) and ED 50 (/xg) of the 
microparticle was calculated using a statistical 
method (prob it analysis). Results are shown in Table VII. 
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Table VII 



Dose (mIU/mO 
Formulation 



Microparticle 3 



Comparative 
Formulation 



0 . 5 



106.35 



12 .43 



0 . 125 



38 . 98 



6.1 



0 . 0312 



13 .32 



4 . 32 



0 . 0078 



4 . 68 



3 . 15 



ED 50 (/ig) 



0 . 0121 



0 . 1504 



As can be seen from Table VII, the microparticle of the 
present invention has a smaller amount of ED 50 than the 
comparative formulation and higher titer of antibody than 
comparative formulation when the same, amount of antigen is 
injected. Therefore, the microparticle of*.. the present 
invention functions as an adjuvant for superior antibody 
formation. 



Test: Example 9: Oral Administration of Formulation to Animal 



J. : \ 

20- 



t .7 



25 



30 



of 



f. ' 1 4 



To examine the biological activity of the formulation 
the present invention on oral administration, 
'Microparticle 3 was"" added to , soybean oil to prepare a 
dispersion having a recombinant HBsAg loadincr of 5 ua 
protein/mf . As a comparative formulation, a .hepatitis B 
vaccine (LiG Chemical ' Ltd. , Korea) was diluted with PBS to 
obtain the same loading of 5 /zg protein/m£ . 

Each dispersion sample was orally administered to 4 
weeks-old male Balb/C(H-2d) mice ( 10" mice) and administered 
two more times, 2 and 4 weeks thereafter. Blood samples 
were taken from the mice after, 8 weeks . Serums was obtained 
from the blood samples and titers of antibody and antibody 
formation (%) were determined using AUSAB EIA kit (Abbott 
USA) . Results are shown in Table VIII 



35 



Formulation 
Micropartic le ~ 
Compara t i ve 
Formulation 



Table VIII 



Antibody 
Formation (%) 

80 
0 



Titer of 
Ant ibod y (mlU /ml ) 

10^.1 

0 



WO 00/41682 PCT/KROO/00025 

- 31 - 

As can be seen from Table VIII, the mice administered 
with the microparticle of the present invention had 80 % 
antibody formation while the mice administered with the 
comparative formulation did not form antibody. Therefore, 
5 the microparticle of the present invention has a superior 
ability for forming antibody in vivo even when it is orally 
administered. This suggests that the microparticle of the 
present invention can be advantageously employed in a 
formulation for oral administration. 



10 



Test Example 10 : Cytotoxic Lymphocyte Test 



., To examine whether ; the microparticle of the present 
invention induces,, a . cell -'mediated immune 1 response, 
15 ... ^Microparticle . . 3 . . was added- to soybean oil ' to obtain a 
dispersion /having; .a ;, loading of ; 10 /kg prot^iri/m^ . As a 
.comparative formulation; -a: '-hepatitis B vaccine (LG Chemical 
: Ltd.,, Korea ).-,•;; was . di luted ; ; wi t h PBS 1 : t o - the s ante loading of 10 



./ig r protein/ ui* y>x?-$ 



l-'v''-. . **' 



i h - -iv v .... ■ *-* - 



20 ,v Each- . /.dispersion * formulation- • was '■* subcutaneous ly 
administered to 4 weeks-old male Balb/C (H-2d) imice ( 10 mice) , 

■ I , and - administered' two f J. more time's? -v thereaf ter at 2 months 
intervals . • >? Two ^weeks after the last administration, pre 
cytotoxic lymphocyte CCTL) - cells - wefe- ,: ■' obtaihld- from 1 the 

25 - ; immunized mice -ia-nd. -cultured "to -obtain 1 eff fee t'oir'(E) cells. E 
cells .were cultured together with" target 1 (T J cells varying 
the; E cell to T cell, ratio, and then, the number 'of T cells 
lysed by E cells (specif ic lysis (%)) was determined as 
follow. 

30 

^P^sample " c P m natural release 

Specific IUy^is.C%), x 100 

C P^ n maximum release ~ C P m natural release 

35 A high specific lysis value means that the cell- 

mediated immune response is actively induced. Results are 
shown in Table IX. 
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Table IX 




As can be seen from Table IX, the microparticle of the 
present invention induced the cell -mediated immune response 
while the comparative formulation did not . 

Test Example 11: Animal Test 



15 



20 



25 



30 



35 



To examine the immune enhancing effect of the 
microparticle. of the present invention, Microparticle 9 was 
added to soybean oil. to obtain a dispersion having a SEC-SER 

. loading of .. 4,^ 0 mg protein?/m* . , As a comparative formulation, 
SEC-SER,; ; antigen was mixed; with - a commercial %'dj uvant ISA 

• according to ;; the . manufacturer ':.s guide, and then, diluted to 

. .the same ..lo.adi.ng i of ? ,4 . 0 jng.: protedn/m^^ ■ •- As ' a control , 
microparticles prepared by repeating 1 :' the •procedure of 

■ Example S except - that, the antigen was : omitted, was dispersed 
in soybean oil .. , . .-. .. . --. . : , .,• • ■: •'• :■ .> ■ j ■■• 

Each. dispersion formulation. . was intramuscularly 
in .jected; to 2nd or..-.3rd lactating period cows (5' cows) having 
a large number of somatic cells.'and) inj ected two more times, 
2, and .4. w^eks thereafter . Blood samples were taken from the 
cows afte.r - 2 , 6, 10 and. 14 weeks' and then the titer of 
antibody was. determined- Results expressed in ELISA reader 
are .shown in Table X. 



Table X 



Compara t i ye 
Formulation 

Micropa rticle 

Control 



Before 
Injection 
1 




2 

weeks 



6 

weeks 
2.667 



10 
weeks 

2 .466 



14 
weeks 
2 .322 



As can be seen from Table X, the formulation of the 
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present invention induced the formation of a high level of 
antibody which lasted for 14 weeks after the first 
injection. Therefore, the formulation of the present 
invention can be advantageously employed as an animal 

i 

5 vaccine. 

Test Example 12 : Animal Test 

The effect administering of the inventive formulation 
10 containing hGH was examined using 7 weeks-old female dwarf 
rats(body weight: approximate lOOg) whibh have the heredity 
of low growth hormone secretion. 

The dispersion of - Examples 30, the emulsion of Example 
36, Comparative Dispersion 2, Comparative Emulsion 2, and 
15. Utroprin* (LG Chemical Ltd. , Korea) , an aqueous formulation 
were chosen for ' the : test ", and ^'ach '"was admifiistered to a 
group -of 10 dwarf rats at' an "hGH dose 'of 3 50 jig per rat and 
■ , , i then the-, weight gain was examined. Ais a bontrol, rats which 
d-idv'iiot receive-' hGH vwere l ^useci: J -The average ciuifritil at ive net 
20 weight gains are shown in" Table XI . ' r * 



i 

Table XI 

■ • (unit: g) 



Day 


1 


2 


3 


4 


5 


6 


Control- v - v 


0.9- 


2.7 


3 . 6 


4 .7 


6 . 3- 


7,5 


Uferppin-.: • / — r*~~:* 


■4T7.. 


4". 2 .; 


:s:.3 


6 ; . 4- . 




8.5 


Comparative Dispersion' 2 


: 5 .0 


. 5 . 7 


7.2, 


. .. 8 : 5 . ■ 


io : 2 


11.5 


Comparative Emulsion 1 2 


4.3 


4.9 


3% 6 


"5.4 ' 


;; : 6v;7' 


7.8 


Di.spersio>n of 'Example 3D 


•5 .5 


6.6' 


. 7,. 3 


8'.'7-. 


'1-1 v 4 


12 . 3 


Emulsion of Example 36 


5.3 


6 . 8 


8i.l 


9 ,.2J. 


... 11.V.3 


13 . 0 



As can be seen from Table XI, the average weight of the 
rats in the Utropin® increased on the 1st day, but it 

i 

decreased on the 2nd day. The weight increased thereafter 
35 at a rate similar to that of the control group. 

The average weight of the rats in the Comparative 
Dispersion 2 group continuously increased while that of the 
rats in the Comparative Emulsion 2 group decreased on the 
3rd day. Because the microparticles in Comparative Emulsion 
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2 have a hydrophi lie surface, the drug dissolves, and 
therefore, it has an weight gain effect equal to that of the 
aqueous formulation, Utropin®. 

In contrast, the average weight of the rats 
administered with the dispersion of Example 30 and the 
emulsion of Example 36 increased for 6 days at higher rates 
than either Comparative Dispersion 2 or Comparative Emulsion 
2. The microparticles of the present invention having 
lecithin, coatings are covered with cotton seed oil even 
after injection, and absorb water only slowly, thereby 
releasing the drug at : a constant rate. 



Test Example 13 ; Animal Test 



15 



20 



■ T ^ e , -dispersion of Example 32. and the emulsion of 
E * am P.l es 41. ..were, each administered to 7 weeks-old female 
dw f rf ra ts (body, .weight : approximate 100 g) at a bST dosage 
of . 12 ' 5 m 9 .Per rat and. then their weight gains were 
examined. As. a control,, rats which did not receive bST were 
used. The average cumulative, net weight gains are shown in 
Table XII. 



25 



30 



35 



Table XII 



- ;- (unit : g) 
10 




As can be seen from Table XII, the average weight of 
rats administered with either the dispersion of Example 32 
or the, emulsion of Example 41 increased continuously for 6 
days.. and the rate of daily weight gain was higher than the 
control group. After 8 days, the weight gain became 
insignificant, suggesting that the drug release time is 
about 8 days in both case. 
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Test Example 14 : Cytopathic Effect Inhibition Test 

The emulsion of Example 43, Comparative Dispersion 3, 
interferon-a aqueous formulation were each administered to 
5 5 months-old rabbits (body weight: 2.5 kg) at an interferon-o? 
dosage of 300 jig. 

The blood level of the drug was determined using a 
cytopathic effect inhibition test, wliich was conducted by 
treating cells with interf eron-ar , adding virus thereto and 
10 then determining inhibition- of- the cell- pathology. Male 
calf kidney cell (MDBO CATCC CCF-22) and vesicular stomatitis 
virus (ATGC VR 158) were used in the ' tiest. Titers of 
. , interf eron-c* ;in the blood -were-ieasufed v for 5' days and the 
results are shown/ in Table XHIv 



Table- XIII 



■■*■:' - -' 1 * 


7 hours 


day- l- 1 


day 2 


"day 3 


day 4 


day 5 


Aqueous ;r ,v; ■ ! 
Formul at i on 


1 . 4xl0 3 


1 . 2x10 


nd*; 


&■ ''''.J-^r*;.-,' 

ND 


ND 


ND 


Gomp'ar a t i ve ~ - 
pisper.siQn*;3 y 


2 (> lxl 0? 


2,. 6x10^ 


9i-.;lxl0? 


3. ^4x1 6? 


I'vTxl'b 2 


11' 5x10 


Emulsion , of 
Example 43 




2 ,2xl0 3 


* ** 

i .ixio 3 


4 . 6xl0 2 


■ .r^ 

2 . 8xl0 2 


8 . 7x10 



25 not detected 




As can be seen from Table XIII, the titers of 
interf erpn.-of . for the., rats administered with • the- dispersion 
of Example 43 were high for the entire test: period of 5 
30 days/ showing higher levels of interferpn-a as compared with 
'the Comparative Dispersion 3 group from day 2. Therefore, 

the, dispersion of the present invention has prolonged 

■ »-i «», * * • * . .. 

release characteristics due to the lipophilic surface of the 
. microparticles „ 

3 5 

Comparative Test Example 1 



hGH was dissolved in 5mM PBS to a concentration of 2.3 
mg/m£ and then sodium hyaluronate having a molecular weight 
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of 2,000,000 was dissolved therein to a. concentration of 2 
%(w/v) to obtain a hyaluronic acid gel formulation. 

An in vitro release test was conducted using the gel 
formulation by repeating the procedure of Test Example 2. 
5 As a ( result, 1.00 % of hGH was released into the supernatant 
within 1 hour. Therefore, this gel formulation has a drug 

* 

release time which is much shorter than the microparticles 
of the. present invention. 

* • * 

1° Comparative Test Example 2 : Animal Test 

The procedure , for preparing a hyaluronic acid gel 
fprmulation. T in Comparative Test Example 1 was repeated using 
1.5 mg/m£ hGH to obtain a hyaluronic acid gel 'formulation 
15 having no fluidity. 

The gel formulation thus obtained was administered to 
. • dwarf, afats^at; a hGH 1 ' dosage^ pf :i50 //ig per rat "and then the 
, average weight gain 1 was 'examined for 6 days. As a 
'■..y comparative -formulation, ;: ari:* aqueous sjolutionr formulation, 
20 ' .Utropi to - rats ; at' the same;" hGH dosaqe . 

. As a control/ rats which, did not -receive hGH '..Were used. 

.' . 1 ' t, 1 ' ..... \„, ■ J* ...... ( ■ ' t ■• ■ 

■ Results expressed in ^cumulative weight gains are shown in 
Table XIV. 



25 ' Table XIV 



Day 
Group 


1 


2 


3 


4 

* 


5 


6 


Control 


1.6. 


2 .4 


4.1 


4.8 . 


6.2 


8 . 1 


Gel 

Formulation 


3.2 

* * 1 H 

+ f 1 


3 .6 


3.0 

r 


6.1 


,6.7 


7.7 


Utropin"" 


3.3 


2 .6 


4.2 


6.4 


7.8 


8.3 



As can be seen from Table XIV, the average weight gain 
of the rats administered with the gel formulation is similar 
to that of the Utropin® group. The rate of weight gain 
after 2 days was not significantly different among the three 
groups, suggesting that the drug release from the gel 
formulation does not lasted more than 1 day. 
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Comparative Test Example 3 



10 



15 



20 



25 



hGH was dissolved in 5mM PBS to a concentration of 2 

* i i *■ 

mg/m£ and then Tween 8 0 was added thereto to a concentration 
of 0.01 wt%. The resulting solution was provided to a spray 
dryer (Buchi 190) at a flow rate of 3 m^/minute to obtain 
microparticlfes. In this step, the inflow air temperature 
was 85 °C. The average particle size of the* microparticles 
thus prepared was, 2.5 /xrn. 

Benzyl hyaluronate was dissolved in dimethyl 
sulfoxide (DMSO) to a concentration of 6 % and then the 
microparticles Were dispersed therein. The resulting 
dispersion was addied to a mineral oil containing Aracel 
A™ (Atlas Chemical Ind. ) v The mixture. wa^ ; homogenized to 
obtain <a micrbemuision. The microemulsioh was .composed of 
the mineral oil as a continuous pliase . and the benzyl 
]ayaluronate/bivis6 solution as . a dispersed „phase . , 

EthVl acetate Was added to the microemulsion .while 
stirring : to extract DMSb from the dispersed^ phase ,- giving 
benzyl hyaluronate microparticles containing hGH. The 
average particle size of the microparticles was 5.5 /im and 
the content of hGH was 45 wt%. 

An in vitro release test was conducted using the benzyl 
hyaluronate formulation thus obtained by repeating the 
procedure of Test Example 2 and the cumulative amounts of 
hGH released are shown in Table XV. 



Table XV 



Hours 


0 


1 


3 


5 


7 


24 


48 


72 


144 


Releasing Amount (%) 


0 


15 


21 


23 


25 


27 


28 


30 


30 



30 



35 



As can be seen from Table XV, the benzyl hyaluronate 
formulation released hGH only slightly after 5 hours and 

only 3 0 % of the loaded hGH was released in 144 hours. 
Thus, most of hGH in the benzyl hyaluronate formulation is 
bound in the benzyl hyaluronate matrix and not released. 
The above benzyl hyaluronate formulation was dispersed 



i 
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in cotton seed oil and the resulting dispersion was 
administered to dwarf rats at a hGH dosage of 3 00 fig per 
rat . The average weight gain was determined and the results 
expressed in cumulative weight gain are shown in Table XVI. 



Table XVI 



10 
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Day- 
Formulation 


1 


2 


3 


4 


5 • 


6 . 


7 


Control ; 


1.2 


2,3 


3.6 


5 . 7 


6.6 


7 .3 


8.2 


Hyaluronic Acid-Benzyl 
Ester .■Formulation , 


3 . 6 


2 .7 


5.4 


6.3 

J 


7 . 1 


8.4 


8.0 



As can be seen from Table XVI , the benzyl hyaluronate 
formulation shows no significant effect after day 1. 

While the invention has been, described with respect to 
the above specific embodiments, it should be recognized that 
various modifications and . : change s . may be . , made to the 
invention by those skilled .in the art which also fall within 
fch f scope pf the invention . .as defined by the appended 
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What is claimed is: 

1. A lipophilic microparticle ; having an average 
particle size ranging from 0.1 to 200 fxm, comprising a 

5 lipophilic substance and an active ingredient selected from 
the . group consisting of a protein or peptide drug and an 
antigen; 

i 

2. The lipophilic mi cropar tic le of claim 1, wherein 
10 the average^ particle size is in the range of 1 to 50 ^m. 

3; The lipophilic microparticle of claim 1, wherein 
the drug is selected :f rom the group ' consisting of human 
. . growth;* hormone bovine growth hormone', porcine growth 
15 . hormone, . growth' hormone' releasing hormone , growth hormone 
.relesasing.f peptide , .granulocyte- colony stimulating factor, 
granulocyte macrophage -colony • "••* stimulating factor, 
macrophage^ colony stimulating fad tor , erythropoietin, bone 
morphogenic protein, interferon, insulin, atriopeptin- III , 
20; monoclonal antibody/ stumor necrosis* factor, macrophage 
:'- activating/ factor, int erleu'kin> ' tumor degenerating factor, 
insulin-like: growth factor", epidermal growth factor, tissue 
plasminogen . activator and urokinase. ; 

25 :.i : y.j4. The ^lipophilic microparticle of claim 1, wherein 

the antigen is obtained from: one or more pathogens selected 
; from the group .consisting of adenovirus type 4&7, hepatitis 
A virus, hepatitis B virus, hepatitis C virus, influenza A 
& B virus, Japanese B encephalitis virus, measles virus, 

3 0 epidemic parotitis virus, rubella virus, polio virus, 
hydrophobia virus, chickenpox virus, yellow fever virus and 
human immunodef iciency; virus-r one or more pathogens selected 
fsfom* the- group consisting of Bordetella pertussis , Borrelia 

■i 

burgdorferi , enterotoxigenic Escherichia coli , Haemophilus 
3 5 influenza type b, Mycobacterium leprae . Mycobacterium 
tuberculosis , Neisseria meningitidis A & C, Neisseria 
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meningitidis B, Pseudomonas aeruginosa . Pseudomonas cepacia . 
Salmonella typhi , Shigella spp . , Streptococcus pneumoniae 
and Vibrio cholerae; one or more, pathogens selected from the 
group consisting of Coccidiodes immitis . Leishmania sp. and 
5 Plasmodium sp.; or one or more pathogens responsible for the 
disease selected from the group consisting of bovine 
blackleg, bovine epidemic fever, bovine anthrax, bovine 
Akabane's disease, bovine foot-and-mouth disease, bovine 
mammitis, bovine infectious nasotracheal inflammation, 

10, bovine viral diarrhea; bovine infectious gastroenteritis , 
porcine cholera, porcine epidemic diarrhea, porcine atrophic 
gastritis,, porcine disease , paused by pavovirus, porcine 
enteritis caused by rotavirus, chicken Newcastle disease, 
chicken Marek< s disease, chicken encephalomyelitis, rabies, 

15 dog distemper, dog (enteritis caused ; by^ parvovirus and dog 
infectious hepatitis, the antigen - being -an attenuated, 
killed, or recombinant antigen; or ,DNA, RNA, plasmid, CpG DNA 
,or ..oligonucleotide extracted from the pathogen.*. 



■J . I'ri - 



20 . .5 ... v The lipophilic; microparticle - of . claim 1, wherein 

the lipophilic substance is selected from the group 
consisting of a, lipid, a ; lipid derivative, a- fatty acid, a 
fatty acid derivative,, a wax and / a mixture thereof. 

25 . 6. The lipophilic microparticle of claim 5, wherein 
the lipid is,. lecithin, phosphatidylcholine, 
.phosphatidylehanolamine or phosphatidyl serine, and the lipid 
derivative is . . arachidoyl phosphatidylcholine or stearoyl 
phosphatidylcholine. 

7. The lipophilic microparticle of claim 5, wherein 
the fatty acid is myristic acid, palmitic acid or stearic 
acid, and the fatty acid derivative is glyceryl stearate, 
sorbitan palmitate, sorbitan stearate, sorbitan monooleate 
3 5 or polysorbate. 
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8. The lipophilic micropart icle of claim 1, which 
further comprises hyaluronic acid or an inorganic salt 
thereof . 

5 9. The lipophilic microparticle of claim 8, wherein 

the inorganic salt of hyaluronic acid is sodium hyaluronate, 
potassium hyaluronate, ammonium hyaluronate, calcium 
hyaluronate, magnesium hyaluronate, zinc hyaluronate or 
cobalt, hyaluronate. . 

10. The lipophilic microparticle of any one of claims 
1 and 8, .which further.. comprises a water-soluble excipient. 

i 

11. , The lipophilic microparticle .of claim 10, wherein 
15 the water-soluble excipient is selected from cjroup 

consisting.;. pf. T ,a carbohYdrate, . a -protein, an" amino acid, a 
fatty acid,, an inorganic salt, a surf actant , poly (ethylene 
glycol) and a mixture thereof. 

20 12. A dispersion formulation prepared by dispersing 

the lipophilic microparticle of any one of claims 1, 8 and 
10 in a lipophilic medium. 

13. The dispersion formulation of claim 12, wherein 
25 the lipophilic medium is an edible oil, mineral oil, 

squalene, squalane, cod liver oil, mono-, di- or 
triglyceride, or a mixture thereof. 

14. The dispersion formulation of claim 13, wherein 
3 0 the edible oil is corn oil, olive oil, soybean oil, 

saff lower oil, cotton seed oil, peanut oil, sesame oil, 

j 

sunflower oil: or a mixture thereof. 

15. The dispersion formulation of claim 12, wherein 
35 the lipophilic medium further comprises a dispersing agent 

or a preservative. 
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16. The dispersion formulation of any one of claims 12 
and 15, which is used for injection or oral administration, 

17 . An oil-in-water emulsion formulation comprising an 
5 aqueous injection medium and the dispersant formulation of 
; claim 12 . 

18. The oil-in-water emulsion formulation of claim 17, 
wherein the aqueous injection medium is 1 distilled water or 
10 a buffered solution. 

...... 

.-. -:.19. The oil-in-water emulsion formtiiation of claim 17, 
wherein the active ingredient is an antigen and the aqueous 
injection medium further comprises a 'second antigen. 



15 



20. An: aerosol formulatiion' comprising "the lipophilic 
microparticle-of any one of claims r ; to ; 11 V 
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